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Abstract: [Objective] The study aimed to determine some plant hosts by Alternaria alternata in pear
orchards and these plant hosts could show typical black spot disease. Simultaniously, A. alternata from
these diseased plant hosts has the pathogenicity on pear leaves. [Methods] The pathogen A. alternata
stored at =4 °C, was activated and cultivated using PDA agar medium at (26+1) °C for 4 days. The acti-
vation of 4. alternata was identified by nested PCR for containing /7S gene of 4. alternata. The nested
PCR results on /7S gene of A. alternata were used for comparison in follow-up experiment. Healthy
pear leaves were inoculated with activated 4. alternata suspension to demonstrate its pathogenicity on
pear leaves. For 8 days later, we observed symptoms on pear leaves. Nest PCR reaction on the /7S gene
of A. alternata was used to detect the diseased pear leaves. The diseased pear leaf tissue of 1 cm® was in-
oculated on the PDA agar medium at 26+ 1 °C in the dark for 72 h. This step was carried out for 4. alter-
nata isolation. A microbe was isolated from the diseased pear leaf. The white mycelium of the microbe
was gotten from PDA agar medium with a pair of sterilized scissors, and then were inoculated on a new
PDA agar medium 96 h for purification. The appearances of colonies were observed. The colonies were
identified by nest PCR reaction on the /7S gene of A. alternata. In order to determine plant hosts of 4.
alternata existing in pear orchards, twenty-five different kinds of plant species were provided to inocu-

late the same volume of A. alternata isolation suspension respectively. All plant species were transplant-
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ed into a incubator for 16 h at 28 °C (day) and 8 h at 25 °C (night). Relative humidity in the incubator
was controlled to 80% + 5%. All treated samples were incubated in the incubator for 14 days. Accord-
ing to leaf symptoms and lesion areas, leaves with obvious symptoms were used for pathogen isolation
again. The second generation purification of pathogen from diseased leaves infected with A. alternata
were observed. In order to identify the second generation of pathogen, the A. alternata was proved to
have the ability of pathogenicity on pear leaves. These second generation of pathogen suspensions were
separately inoculated on healthy pear leaves. These pear leaves were placed in another incubator with
the same environmental conditions as above. For 10 days later, we observed the symptoms on the inocu-
lated pear leaves. The lesion areas on pear leaves with A. alternata treatment were respectively used for
statistic analysis. [Results] The stored 4. alternata could be cultured on the PDA agar medium. By nest-
ed PCR on ITS gene of A. alternata, we could observe positive bands (570 bp and 398 bp) as prediction.
Healthy pear leaves inoculated with A. alternata suspension showed obvious symptoms as to black spot
disease for 8 days later. And also, bands as to /7S genes could be detected in the diseased pear leaves by
nest PCR. As predicted, the pathogen isolated from pear leaves had the same phenotype as to A. alterna-
ta. A. alternata isolation was identified by method of nested PCR, and the same bands as prediction ap-
peared. The results indicated that A. alternata, stored in the laboratory, could also cause pear black spot.
According to symptoms on twenty-five different kinds of plant leaves, we discovered the obvious symp-
toms appeared on some plant leaves, such as apple, Malus spectabilis, cherry, Chinese rose, peanut and
jujube. Through statistical analysis of the lesion areas on these six kinds of diseased plant leaves, the
significant difference was discovered. We deduced the six kinds of plant species such as apple, Malus
spectabilis, cherry, Chinese rose, peanut and jujube were the appropriate hosts of A. alternata. We could
isolate six microbes from these six different kinds of diseased plant leaves respectively. All of the six
colonies had the same performance as to 4. alternata from pear leaves. The healthy pear leaves were in-
oculated with pathogen suspension from six different kinds plant host leaves respectively. After 10
days, all healthy pear leaves with pathogen suspension treatment showed typical symptoms as to pear
black spot. These pear leaves were collected for molecular detection by method of nest PCR on /7S
gene of A. alternata. By agarose gel electrophoresis, it showed that same bands as prediction appeared.
Results indicated 4. alternata from hosts with A. alternata infection could cause diseases on pear
leaves. [Conclusion] We discovered some plant hosts of A. alternata widely existed in pear orchards. A.
alternata from these plant hosts had the pathogenicity on pear leaves. It indicated that plant hosts con-
taining 4. alternata may be one of the potential infective sources for pear black spot disease epidemic.
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Table 1 Plant species in the experiment

J¥'5 No 4 %K Name 17T %4 Latin name e 7515 Method of inoculation
1 A4 N White radish Raphanus sativus (L.) TE AR In-vivo inoculation
2 FIWift Japanese bindweed Calystegia hederacea Wall. W3Rl In-vivo inoculation
3 5% Chinese flowering crab apple Malus spectabilis BAREEFT Vitro inoculation
4 21 2% Red Amaranth Amaranthus mangostanus (L.) VEREERN In-vivo inoculation
5 M )2 % Green bristlegrass Setaria viridis (L.) Beauv. VS REERN In-vivo inoculation
6 15 % Cogongrass Imperata cylindrica (L.) Beauv. W3Rl In-vivo inoculation
7 JE%% Black nightshade Solanum nigrum (L.) WAk RR In-vivo inoculation
8 % Japan hop Humulus scandens (Lour.) Merr. W3Rl In-vivo inoculation
9 {4 Peanut Arachis hypogaea (L.) BAR$EFRI Vitro inoculation

10 I i B Crabgrass Digitaria sanguinalis (L.) Scop. VSRR In-vivo inoculation

11 SR Apple Malus pumila Mill. B ARSI Vitro inoculation

12 275 Goosegrass Eleusine indica (L.) Gaertn. W AR Rl In-vivo inoculation

13 Wi Three-seeded copperleaf Acalypha australis (L.) WG REER In-vivo inoculation

14 PEHk Cherry Prunus pseudocerasus (Lindl.) G. Don B RER Vitro inoculation

15 /NK3% Canadian fleabane Conyza canadensis (L.) Crong. WG In-vivo inoculation

16 724 Common morning glory Pharbitis purpurea (L.) Voigt B R Vitro inoculation

17 HZ& Chinese rose Rosa chinensis Jacq. B R Vitro inoculation

18 # Chinese jujube Ziziphus jujuba Mill. BRI Vitro inoculation

19 Z4-A2F Tvyleaf morning glory Pharbitis nil (L.) Choisy B REM Vitro inoculation

20 %] Grape Vitis vinifera (L.) B REERT Vitro inoculation

21 T )bk Piemarker Abutilon theophrasti Medicus TE MR In-vivo inoculation

22 T 33% Herb of denticulate Ixeis Ixeris polycephala Cass TE AR In-vivo inoculation

23 Ft AL Bell pepper Capsicum annuum var. grossum Sendt. TEMFR In-vivo inoculation

24 JE AR False cleavers Galium spurium (L.) TE AR In-vivo inoculation

25 7 Rough potato Metaplexis japonica (Thunb.) Makino BARSEFT Vitro inoculation
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Table 2 The primers used in PCR

I 5 31948 319151 (5-3) K
Gene name Primer name Primer sequences (5'-3") Length of fragment/bp
ITS ITS1-F TCCGTAGGTGAACCTGCGG 570

ITS4-R TCCTCCGCTTATTGATATGC
HB HB-F TCACCCTTGTCTTTTGCGTA 398

HB-R ACCTTTGCTGATAGAGAGTG

YR N L, Ik & 14 & 20~30 mind , )\ 22 Fi
U IS EE BRI I ON 15~20 g B IS B, 4k 4
T P 2 35 6 B 56 A TS AR S I0ON R & 20 g B EE Y
5] BV R, A S Ab 27K (40 °C) £ 1000 mL,
121 °C,20 min K 1# .

1.2 75k

1.2.1 A alternata 3o & &6 & 4T @ )
MARTET 4 °C[1) PDA B lE 5 77 B i & V)UK A 4.
alternata 11 1# 22 P AR EE (5 mmx5 mm) , &/ T+
W PDA Bl 75 b, 726 £ D CFIFE 4 d, 1
A A.alternata. "L 2 mL TG # 7K 7P % PDA 35 g 5%
FRIER MM A. alternata, F TG H R AT 236 BUAE KT
PDA B R 55 98 & 10 A. alternata, F )\ JZ 2> 4 CK
BT I8 PR 22, 1) £ F TR A. alternata
A B

1.2.2 A alternata 89 £ K PCR %€ WH 1.2.1 i
%11 A. alternata 235 800 pL, 12 000 r- min"' >
5 min, 1% T 20 58 3 X 20 DNA $2 BUR 75 & D2300CE
HREREERFEARAF DI A alternata ) &
DNA, f#i F 8 , PCR % 5E 4. alternata",

ITS J3 %] PCR # # #& % (25 pL) : 10 pL PCR
mix, b R 5147100 nmol - uL ™) %% 1 uL,2 pL Bk
(_bid A. alternata 8 23 1 )5 DNA) , #h /& dd H.O
(11 pL) & 25 pLo K PFEJY : 94 °C TS PE 4 min;
95 °C A4 305,58 °C 1Bk 30 5,72 °CZE{H 1 min, 35
AMEFR ;72 °CCLLIEAH 10 min; 4 °CERAE , 3515 ITS
5 f) PCR 774 o

HB P 5 CRECIE R 751D PCR A R (25 pl)
11 pL PCR mix, b % 5 # (100 nmol - pL™") %
1 L, 0.05 pL #E Ak C b3k 178 % 7 5 51 (1) PCR 7=
Y1), #b 2 dd H,O (12.5 pl) £ 25 ulo 2 N FE 7 -
94 °CTAE % 4 min; 95 °CAEME 30'5,55.8 °CIR K 30 s,
72 °CHEH 30 5,35 MG ;72 °C & LE{H 10 min;4 °C
TRAT 345 HB T 5 I PCR =4 .

1.2.3  A. alternata 34 3ot B Ao i HIMERTHEL
MR A. alternata {88 1 20& , LKA
FEAUER A 10°cfu- L MR 10 pl Bk ) £ 8 d%
T R AL ST, B K B R AR LS A, P4
TR R FEMLAF, F 10 pl JC B8 7K b P A 4 Bl 24
R Aot I R E 3 AN B o 3 IR L BT
At B E TR IR, WE LI BIE=16 h
(28 °C) 18 h(25 °C) , #H AR (80+5)% , 8 d J WL %%
LI B fEAR , I UE TSI A. alternata X B4 B2 75
BHHURTT.

HICHE K8 A, alternata ORI B A
ATG B 7K AL 2 0t HEZH AL B, K B BB T 23 )
B Y P AL A R AL %10 mg, A AR
Wy 35 [R] 21 $ B 57 6 DP360[ R AR AE AL B (I8 50D
AR F U F R ) DNA, PLA. alternata ]
ITS ¥ %1 3 B br 5= R 2k 47 8 K PCR X ¥ (|
1.2.2) KA 1 (¥ A. alternata

FHICH KPP e A. alternata B AE B 11
1E S THT 5 FFH 95% IR A 15 T B 7K o st 1) i
By (%) TE S THT + 468 P8 s e 90 B 1 S i A ety 4k
BRI T 0.3% 1 NaClO ¥ ¥ ' 2 min; H] Jo & 7K 7
YR I NaClO ¥ (1) S B i 18 12 i, 25
BRALH T i B IR A RN W . B G b,
F K B 8T T B B RE B - o A58 S AL 1 em’ 1)
AR T PDA SRR IR A K i, B T (26+1 )°C
N TR 9% 72 h, VIEUPDA B iR 55 5 B L G 5
1 8 B 22 B (5 mmx 5 mm) #2 R T 387 1 PDA £ IR
Bk a d, S MEH (SR 1.2.0D, LLA. alternata
(K1 ITS Fy 51 9 H bn 2 R BEAT 3 I PCR SR, 4 5%E 70
BRMAEM(ZH1.2.2).

1.2.4 A alternata % FAAM O Th ik LR E
DL 25 FAE ) CREMEY) 75 i 2 A4 0d 10 km B FD
W F N A. alternata FEFPR 5, 25 9 e DLARES (1) 3056
TR W s A b, AR PR (E N
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AR I A P B O AT IR R (R D
PR e B 3 1y i e 5 B Ak AR S 3 IR AR ) -
5L EL FR 1.2.3 1 £ 1 A. alternata #9238 10 uL
FEFP TR MR D) B 2R T, 10 pL T 1R 7K A 2R 11
T | et BRAH, BT 56 ) ik 1 38 B T R s
FRAE R, W E B IE D RS =16 h(28 °C) 18 h(25 °C),
AR FE (80+5)%, 14 d i Wl 52 S RE S L , 5K A 5 4%
YR E I BE AR AT B3 b SRR
AT RAEY RS (38 1.2.3), L 4. al-
ternata (1] ITS J5* 51 3£ 47 5L [X PCR [, %858 43 B 1)
MAEY(ZHE1.2.2),

125 & A REF EHMY A alternata B3 #
ety K124 BAEEY O B HUER) A. alter-

nata il % W, F JCH K FBEE 10° cfu- L', 10 pL
PP T B AL i a1 — AN AL, 10 L B K
Ab B ) A R AL Iy Rt HR AN R 3 AN BB A,
BTG FRM S, W E R BIE=16 h(28 °C):
8 h(25 °C) , HAXHE & (80+ 5)%, 10 d WL 5 B , W

B M 1 2 M
2000 bp 2000 bp
s it
P 570 b P
500 bp 398 bp 300 bp
250 bp 250 bp
100 bp 100 bp

E

| 2000 bp 2000 bp
B "y
P 570 bp P
500 bp 398 bp 500 bp
250 bp 250 bp
100 bp 100 bp

BIWRIWES . A alternata 1 ITS £ 54 H hndk
DAL 2E AT 55 I PCRAST AL I J7 o (1) A, alternata(Z 1
1.2.2),
1.3 BUESItS S

F| H Microsoft Excel H#f 17 5 3 7 = Al Ak 2, %
F SPSS % (IBM, Armonk , New York, USA) 3t 17
Student ¢ 5% «

2 R 550
2.1 A. alternata }JiE1L

PDA B lg 55 7R 2151 4 d 1) A. alternata 3 2
PRt WG H Aarfw L (F1-A) . & A alterna-
ta W ITS 9 B b5 5 K347 5 IR PCR B, 35 M1 0 st
Ji2 LK H B TR O /N — 00 BE 14 5271 (570 bp A
398 bp) (K 1-B) . filt FEALI Jr HE R0 A1 4. alter-
nata HE VG 8 d, 3 AN 45Fh 1) 48 B AL v 35 e H
A 2 110 2R EE I B, 110 I 1R 7K AL BR (1) 3 A fik B AL I
T RAEIR (B 1-CO 0 R or 3 B BER A (5

LRI Ak 2 oK AL 2
Spores suspension treatment Sterile water as control
FromM3 33111 M4 4 4 222

2000 bp 2000 bp
1000 bp. 1(7)(5)8 Ep

750 bp p

570bp 500 b
250 by 250 bp 398 bp
100 bp 100 bp

A. PDA Biflg 53R 1G LR 9% A, alternata 4 d;B. 3 IC PCR % 5E 3510 A. alternata; C. iGLIT A. alternata T2 ER & RERI LM 8 d;
D. 738 H AR B P A AR R T PDA B iRESIRAE L 4 & E. HLIK PCR %558 40 55 EH 240 B EY) s B 51IG PCR AR i B4 F op
FIRERD . 1. ITS £ PCR 47 387°°491: 2. HB FE[X PCR 47347749 3. Jo 1 7K AL BE ¥ {g e AL 175 4. T 7K s M. DL 2000 DNA #5ic

A. A. alternata was cultured on PDA agar medium for 4 days; B. Identification of 4. alternata culturing on PDA agar medium; C. Healthy pear

leaves inoculated with A. alternata spores suspension for 8 days later; D. The microbe from diseased pear leaves was cultured on PDA agar medium

for 4 days; E. Identification of the microbe from pear leaves culturing on PDA agar medium; F. Detection of A. alternata presences in diseased pear

leaves by nested PCR. 1. /TS amplicon; 2. HB amplicon; 3. Healthy pear leaves with sterile water treatment; 4. Sterile water as control; M. DL 2000

DNA marker.

1 A. alternata (REFNT F 895 E

Fig. 1 Validation experiment of A. alternata pathogenicity on pear leaves



396 3 i)

A
==

{: a2

YRR T PDA BRlR B 7R 5 4 d, AE KA
W& RS A alternata #8181, I 9 30 2 ER
W NAGTKHE 2 (B 1-D) . FIH A. alternata 1Y)
ITS ¥ 51 347 8 [ PCR R B, BT B 858 fie v kA7)
I A K /s — B BE M 52 4 (570 bp #1398 bp)
(B 1-B). FIH 4. alternata ¥ ITS 7 %1 3t 47 H K
PCR S SEA I 3 AN S i Y 2R - v, 3501 B g Jie Pl Ok
TR B 0 R /N — B BH 4 52 45 (570 bp A
398 bp) (K 1-F) . RWIHAFE T 4 °CHI A. alternata i
b J5 AT e i A it B A1 B B0 7 I SRRE Y
AU B A R] B> B A A alternata.
2.2 A. alternata T EEYIH 3T 5 TFi%k

¥ iR & | BAERL A i A, alternata i
B F B, 43 MR T 25 FRAEA I 1 14 d, W E 25
FRASFAEYI B BRBE AR, FEEAT BB T, 45
AR, 6 AR GF R g3 PRk H 2= 8 2D

A 2000 T
15.00
=
£
vl =
g o
§ 4.00 | o
S -
8
'J i
£ 300
=
=
&
2.00 o o
T [
1.00 [
0.00

1 2 3 4 5 6 7 8 9

10 11

0 & 4L Spores suspension treatment (T)

o

7

12

W e P AR T R 2 DR T H TG TR 7K Ak B )56 HER P
F (p<0.0D), 1 B2 Fh A. alternata [¥) FHAh 19 FhAE 1)
(AZ N FTHIAE A R [P 5 ek
N AN AN e A N e SN [ i =Se Sty
A R TR JRR T SE S | BB R BB | B EE ) AL
G TR 7K AL B R s B8 T AR 2 S A B 3 (18] 2-A)),
5WME B FPEIRAH [F] (B 2-B) o R IHSE R (i 5
Bk HZE TeA R A, alternata 1175 FHEYD
2.3 BIEFEEIP A alternata B DS

P B AE R 6 Fh Ay FAE CGER g5 B A
= A RO o 2 5 1) 6 AN AR VI 4E PDA Bl
Bk P3R4 d, SR BN, 6 MR R TR I 2R Y
5 A. alternata M 7], I N 8 AR B LGN H
BB 22 (K 3) , RATEIR YL A, alternata 2 FE 1) 27
FHEYH R, A ERE R ECN A. alter-

nata.

B EHE/KAEEE Sterile water as control (CK)

I_
T
™
EES
Hx
1
13 14 15 16 17 18 19 20 21 22 23 24 25

T2 Plant species
AR BETH AU R V0T B AR IR 1 V8 D20 FTRIAE ;3. M5 4. 003K 5 R 6. (ISP 57, f6A 8. 8 339, ik
10. R 11 BB 12, SER 13, 5P 14, R %) 5 15, 8RR 16, BN 17, BR0E3E 5 18, Pk 19. /N K35 520, AZE;21. & ;22 JERuR; 23, B
24, [ ZR 25, A ARs . FRFOR AR AL B RITE B K AR B 22 ¢ KRR R R R (p<0.01). R

A. Significance analysis of lesion areas on different leaves; B. Diseased plant species. 1. Ternip; 2. Calystegia hederacea; 3. Malus spectabilis;

4. Red Amaranth; 5. Green bristlegrass; 6. Cogongrass; 7. Peanut; 8. Ixeris chinensis Nakai; 9. Black nightshade; 10. Japan hop; 11. Crabgrass; 12. Ap-

ple; 13. Goosegrass; 14. Grape; 15. Piemarker; 16. Bell pepper; 17. Copperleaf Herb; 18. Cherry; 19. Canadian fleabane; 20. Chinese rose; 21. Ju-

jube; 22. Catchweed; 23. Japanese metaplexis; 24. Ipomoea purpurea; 25. [pomoea hederacea. Values (bars) marked by * are significant difference

from the corresponding average values. ** represent type 1 error rate is at 0.01 (p<<0.01). The same below.

B 2 A alternata FZEEH S
Fig. 2 Analysis on plant hosts of A. alternata
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Fig.2 (Continued)

LSRR o G BB s 2. B S T A B R s 3. SRR A EE RO E D s 4. SR = R b R RE 5.

SAEAEAI P Ty B RAE ) s 6. AR A A B A

1. Microbe isolated from diseased Apple leaves; 2. Microbe from isolated diseased Malus spectabilis leaves; 3. Microbe isolated from diseased

Cherry leaves; 4. Microbe isolated from diseased Chinese rose leaves; 5. Microbe isolated from diseased Peanut leaves; 6. Microbe isolated from dis-

eased Jujube leaves.

3 BEFFEVTHEMNS S

Fig.3 Microbe isolation from diseased plant hosts respectively

24 BEFEVDTER A alternata 3 FTF B
ok

38 H ik 6 B IE T EEYH R 6 M
VD MR A. alternata 68 W0 ) 4% 5 151 2%
B o E R T R AL 10 d, S5 R R
H S hE 77 AR A 43 B 3RS ) A A B AR T UK
PRI 7, T I B K Ak B ) 48 R AL i i R AS B

(K 4-A). LLA. alternata 1] ITS 2R 7 51 1347 58 I
PCR A I A R AL 7, 3 JI W ek 52 P ik H R 5 7
R /N — B0 B 5785 (570 bp 1398 bp) , 1 G B
K AL B R B R T8 A 2% i (&1 4-B A 4-C) 5 3R
W10 85 H 6 Tl & FAEY) 1 6 BRI AEIII N A. al-
ternata, X % A. alternata ¥3) 7] JFE G B B 5] KOAE
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2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

-570 bp

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

— 398 bp

A. 7Y B F AN A. alternata FEFMALM BB, ITS JE[K] PCR § #4774 C. HB Z:[F PCR #8474, 1. 70 & BB Jr b ¥ A. alterna-
ta FERNBIN ;2. O3B EH R I AL alternata BEFh AU (3. 5 B H AL R K AL alternata FEFVAUT B 4. 5 B BAEAEM K AL alter-
nata PRI 55, 43 B H A =0 F ) A, alternata FERE R 6. 703 BN TR AL alternata BEFRELM R 7. 43 B EHAER I B )
A. alternata YRR Fr + 8. Jo B AL EE T BEZLM A s M. DL2000 DNA it

A. A. alternata from different hosts respectively inoculated on Pear leaves; B. /7S amplicon; C. HB amplicon. 1. 4. alternata from Cherry inoculat-

ed on Pear leaves; 2. A. alternata from Jujube inoculated on Pear leaves; 3. 4. alternata from Pear inoculated on Pear leaves; 4. 4. alternata from Pea-

nut inoculated on Pear leaves; 5. A. alternata from Chinese rose inoculated on Pear leaves; 6. 4. alternata from Malus spectabilisinoculated on Pear

leaves; 7. A. alternata from Apple inoculated on Pear leaves; 8. Pear leaves treated with sterile water as control; M. DL2000 DNA marker.

4 HEESEEYDH A aternata FEM R EUFEME

Fig. 4 Pathogenicity of A. alternata isolation from plant host on pear leaves
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